Air pollution is one of the most important global sustainability and health challenges. In response to this, the European Union (EU) initiated with its Directive 2008/50/EC a new era of (urban) air quality management (UAQM) and introduced air quality plans and short term action plans as major formal planning instruments. However, these efforts still fail to achieve their target. Independently, sustainability transitions research emerged as a major science field, suggesting urban transition management (UTM) as an effective governance and planning approach for steering transformative urban change. Hence, the overall query this paper puts forward is, whether UAQM could be enhanced by UTM? This leads to an empirical and a conceptual question: 1) How transformative is current UAQM, i.e. how does it contribute to a transition process? 2) How could UAQM and UTM be combined to create an 'urban air quality transition management'? Drawing on a conceptual discussion of both frameworks, an explorative case study of UAQM in the EU and the City of Aachen (Germany) reveals that UAQM and UTM seem to have many similarities at a superficial level, but differ significantly in detail. They are mostly complementary because each approach has its own strengths and weaknesses, so that neither of them could achieve the targeted transition alone. Future research should therefore focus on comparative transformative research in 'urban air quality transition management labs' to develop integrated approaches. Policy should both legally facilitate such experiments and deliver sufficient funding for enhanced UAQM in general.
Policy and practice recommendations
Legally facilitate experiments with "urban air quality transition management" Provide reliable financial resources (e.g. transition funds) and political support from all levels Pursue a long-term transition strategy that goes beyond limit value compliance Use air pollution for piloting urban transition management (e.g. transition labs, citizen sensing) Introduction: air pollution and urban air quality management (UAQM)
Air pollution is one of the most important global sustainability and health challenges of our time and hence a major field of transformative urban change (WBGU 2016) . It stems from multiple anthropogenic sources such as agriculture, energy, industry or transport and causes harmful effects on the climate, eco-systems, built environment, cultural heritage, economy and particularly human health (cf. EEA 2017). Both the causes and impacts of air pollution are strongly related to the global megatrend of urbanization, since urban areas play a crucial role as sources as well as places of highest pollutant concentrations and their adverse effects. According to the World Health Organization (WHO 2018) in 2016 91% of the world population lived in areas where the WHO Air Quality Guidelines were exceeded. This is attributed with approximately 4.2 Million premature deaths, of which 91% occur in low-to middle-income countries (these countries also face big problems with indoor air pollution, leading to approx. 3.8 Million premature deaths). Unsurprisingly, almost all of the Sustainable Development Goals (SDGs) of the UN Agenda 2030, which is the global roadmap for sustainable development until 2030, relate directly or indirectly to air pollution (EEA 2017) . For instance, three SDG progress-indicators explicitly focus on air pollution (i.e. No. 3.9.1, 7.1.2, 11.6.2; WHO 2016) . Air pollution is also a major sustainability challenge in Europe and the European Union (EU). Evidently, air pollutants such as Particulate Matter (PM), Nitrogen Dioxide (NO 2 ) as well as ground-level Ozone (O 3 ) do serious harm to human health and cause, for example, lung cancer, respiratory or cardiovascular diseases. According to the European Environment Agency (EEA 2017) 428,000 premature deaths in Europe (approx. 400,000 in the EU-28) are attributable to long-term exposure with PM 2,5 , 78,000 (75,000) to NO 2 , 14, 400 (13, 600) to O 3 .
In response to these challenges, air quality policy frameworks and urban air quality management (UAQM) approaches have been designed around the world, which typically include eight interrelated elements (Gulia et al. 2015) : 1) objectives/standards, 2) monitoring, 3) source apportionment, 4) emission inventory, 5) modelling, 6) exposure and health assessment, 7) strategies, 8) public participation. For instance, the EU air quality policy framework is the result of more than 40 years of joint environmental policy in the EU and was intensively reshaped in the course of the 6th EU Environment Action Programme (EC 2005 (EC , 2018 . Particularly with its "Ambient Air Quality Directive" 2008/50/EC (AAQD) the EU initiated a new era of (U)AQM and introduced air quality plans and short term action plans as major formal planning instruments (i.e. air quality 'planning') to fight against air pollution in Europe (EU 2015) .
The directive provides the major legal basis and regulates the whole (U)AQM process in Europe, including obligations for Member States to implement air quality plans in case of limit value exceedances, for instance those for PM 10 and NO 2 . Exceedances mostly occur within urban areas and are caused by urban transport, hence most air quality plans are implemented in urban areas and focus on urban transport (EEA 2018a) . In a follow-up of an earlier study (EEA 2018b the ten participating cities reported that within 5 years they have improved their UAQM in terms of assessment tools and methods and gained a better understanding of sources of local air pollution. However communication, engaging with citizens and gaining acceptance for new air quality measures in policy and society is still challenging, particularly when EU air quality standards are met. A further challenge is achieving policy coherence across administrative and governance levels. Results from other studies point in a similar direction. For example Barnes et al. (2018) identified a "policy disconnect" in the UK and argue further that a "failure of EU and national air quality policies has effectively undermined local authority action to improve local air quality" (e.g. Euro vehicle standards, lack of accountability at the local level, inconsistent EU and national requirements). In the project PM-Lab similar observations have been made in the three-country triangle of Belgium, Germany and the Netherlands, the so called Euregio-Meuse Rhine (Severijnen 2014 ). In addition it was found that, despite the common umbrella of the AAQD and some similar looking measures (e.g. in the transport sector), the way in which UAQM is carried outand with what intensitydiffers from city to city (e.g. Aachen (Germany), Genk and Liege (both Belgium), Heerlen and Maastricht (Netherlands)). This depends not least on the respective national-regional contexts including for instance air quality related determinants such as different emission sources, concentration situations, pollutants as well as more general factors like the socio-economic situation and divisions of competences across administrative levels.
Despite some progress, the EU Air Quality Policy still fails to meet its targets and limit values are still exceeded all over Europe (EEA 2015 (EEA , 2017 . This is in spite of a further revision that resulted in the adoption of a new Clean Air Policy Package in 2013 that includes a set of revised and new directives (EC 2013). There still seems to be a challenging gap between, on the one hand, efficiently organised UAQM in terms of standard definition, emission inventories, monitoring, assessments and reporting etc., which is, on the other hand, not effective in terms of limit value compliance.
Apart from that, more recently urban transition management (UTM) (Frantzeskaki et al. 2018a; Loorbach et al. 2016; Nevens et al. 2013; Roorda et al. 2014 ) and urban transition planning (Wolfram 2018) are emerging approaches for governing sustainable urban change that may have something to offer for UAQM, but are not linked to it yet. Both are based on the idea of Transition Management, which aims to initiate and guide an open governance process targeting systemic change for sustainability (Loorbach and Rotmans 2010) .
Given the situation that air quality policy still fails to achieve air quality levels that are sufficient to protect public health, the overall research question of this paper is, whether UAQM could be enhanced by UTM in order to meet air quality targets in future. Answering this requires elaboration on two subsequent questions, one empirical and the other conceptual: 1) How transformative is current UAQM, i.e. how does it contribute to a transition process? 2) How could UAQM and UTM be combined in terms of an 'urban air quality transition management'?
The remainder of this paper is structured as follows: The next Conceptual approach section introduces the conceptual background of UTM as a means of urban transition planning and develops an approach for a juxtaposition with UAQM. Methods section presents the reasons and methods used for applying the approach in the following Case study: UAQM in the City of Aachen (Germany) section. Discussion: juxtaposing UAQM and UTM section discusses the findings in relation to the research questions, and Conclusions section draws final conclusions and recommendations for policy as well as future research.
Conceptual approach

Sustainability transitions
In parallel to the new era of air quality policy in the EU, sustainability transitions became a major field of research, focusing on long-term fundamental transformation processes to more sustainable socio-technical systems (Markard et al. 2012) . Examples include the shift from fossil fuel based to renewable energy, from internal combustion engine based (e.g. car) to low carbon transport as well as from industrialised agriculture to organic farming.
According to the Multi-Level Perspective (MLP), socio-technical systems are constituted by three analytical levels, namely the regime, niche and landscape. These can be described as follows (Geels 2011): The regime is the level where dominant and stable "established practices and associated rules" prevail (e.g. related to energy provision from large combustion plants, car based transport systems etc.), which may prevent sustainable structural change due to several lock-ins. Contrary to this, the niche includes "practices or technologies that deviate substantially from the existing regime" (e.g. radical innovations like renewable energy or alternative propulsion technologies). The landscape is defined as the "external environment that influences niche(s) and regime"; external because it cannot be influenced by them in the short term. Alongside the analytical focus of the MLP, questions about suitable governance approaches were of particular interest right from the beginning of sustainability transition research.
But surprisingly, an explicit connection between sustainability transition research and air pollution and consequently UAQM is still lacking today -despite the fact that sociotechnical systems can be associated with the respective sources of air pollution and that, for example, synergies with the promotion of urban low-carbon transitions or transitions to sustainable urban mobility are obvious. Furthermore, environmental legislation and policy can be an important influencing factor of transitions (cf. de Haan and Rotmans 2011), yet the AAQD has not been investigated by transition studies whereas in practice there is to date no (formal) UAQM process that explicitly uses an UTM approach. However, there are some transition-like approaches for UAQM such as citizen sensing and related initiatives (see Discussion: juxtaposing UAQM and UTM section). All in all, the growing attention to transition geographies, and consequently to UTM and transition planning offer promising potential for a connection with UAQM. Firstly, while there was rather low engagement for a long time, the geography of sustainability transitions has received increasing attention in recent years: "Questions concerning where sustainability transitions take place and why have thus remained largely off the radar in this otherwise burgeoning field of studies" (Coenen and Truffer 2012) . Contemporary contributions consider more intensively the related building blocks of transition geography, i.e. socio-spatial embedding, multi-scalarity and issues of power (Truffer et al. 2015) . Secondly, among these, particularly urban transition management (UTM) seems to have potential for UAQM, because it becomes more and more a transition governance tool for urban areas (Frantzeskaki et al. 2018a; Loorbach et al. 2016; Nevens et al. 2013; Roorda et al. 2014) and, thirdly, it is closely related to urban planning (Wolfram 2018).
Urban transition management (UTM)
In recent years, UTM and urban transition labs have become a synonym for the governance of urban sustainability transitions (Frantzeskaki et al. 2018b; Loorbach et al. 2016; Marvin et al. 2018a; Nevens et al. 2013; Roorda et al. 2014) . Conceptually, Transition Management consists of four elements: i) the underlying principles of transition governance, ii) their translation into a transition management framework (i.e. the Transition Management Cycle) as well as iii) instruments and iv) process methodologies for operationalization . Transition Management is the result of ongoing co-evolutionary conceptual and practical work around different empirical cases with great emphasis on being a concept that can be applied in policy (Loorbach and Rotmans 2010) . Theoretically, Transition Management is based on complex systems theory as well as on new forms of governance. Practically, "[t]he essence of transition management is that it focuses on the content as well as the process by organizing an interactive and selective participatory stakeholder searching process aimed at learning and experimenting" (Loorbach and Rotmans 2010) . Furthermore, the underlying theoretical approaches are synthesised in the so called Transition Management Cycle, which structures the practical activities of the TM process into four fields of activity and respective instruments: i) problem structuring, ii) establishment of a transition arena, iii) developing a transition agenda, sustainability visions and pathways, iii) initiating and executing transition experiments, iv) evaluating, monitoring and learning (ibid).
The first application of Transition Management took place in the course of the regional cooperation process in the former mining region Parkstad Limburg (Netherlands). Other early applications include initiatives and programmes focusing on new sustainable functions of roofs, new approaches to long-term care in the healthcare sector in the Netherlands, as well as the transition of waste management in the Flemish Region (Belgium) to a more resource oriented policy. On a larger scale, transition management was for instance applied in the course of the 4th Dutch National Environmental Policy Plan (Loorbach and Rotmans 2010) .
Later, the Transition Management approach was also adapted and transferred to the urban context, often applied in so called urban transition labs, which build on the idea of urban living labs Marvin et al. 2018b; Nevens et al. 2013; Roorda et al. 2014) . Urban Transition Labs are defined as "[…] settings in which real life trajectories of sustainable development in cities are deployed and at the same time carefully observed; in a co-creative collaboration between actors and researchers (transdisciplinary research)" (Nevens et al. 2013 ). Hence, they reflect all constituting elements and make use of the above described Transition Management instruments, usually coordinated by a transition team. Fourth, finally and more generally, Transition Management and its instruments were made operable for urban contexts through the design of different process methodologies (Roorda et al. 2014; Wittmayer and Loorbach 2016) . Examples of UTM applications range from rather 'classic' transition topics to even broader socio-economic projects (see contributions in Loorbach et al. 2016) . Examples for the former are the "climate arena" in Ghent (Belgium) that works towards climate neutrality, the elaboration of a local climate plan in Montreuil (France) as well as activities in Aberdeen (UK) to address social and financial vulnerabilities arising in the transition away from an oil-dominated economy. Examples for the latter include the promotion of environmental business in the industrially polluted city of Kitakyushu (Japan) or the establishment of a "Welfare Mall" in Higashiomi (Japan), which integrates local production of food, energy, and elderly care.
The focus on the urban scale is also one of the responses to early criticism of transition management, blaming this approach for a lack of consideration of power, politics and agency, an unreflected notion of sustainability, as well as problems arising from coproduction of the concept by researchers, policy-makers and other practitioners (Avelino and Grin 2017; Wittmayer and Loorbach 2016) . The urban context plays a crucial role in transitions and, alongside other factors, determines the transformative and related organisational capacity of cities (cf. Hölscher 2018). For Instance, the German Advisory Council on Global Change (WBGU 2016) defined context specificities ("Eigenart") as a core dimension of its normative compass for urban sustainability transformations along with sustaining the natural life-support systems and inclusion. However, in both the analysis and practice of urban sustainability transition governance the question remains of how exactly the politicalinstitutional contexts of cities and municipalities determine their roles and capabilities for achieving fundamental sustainable change. In general, this refers to the Multi-Level Governance settings (Ehnert et al. 2018) in which cities are embedded, and in particular to urban living labs or urban transition labs, respectively (Kronsell and Mukhtar-Landgren 2018) . Hence, a major question is whether transition labsand UTM in generalare suitable governance settings, if legally established and formally institutionalised domains such as UAQM are addressed. Perhaps a transition planning perspective is even more sensitive to this issue.
Transition planning
Planning is one of several perspectives on the convergence of sustainability transition and spatial research (Egermann and Hutter 2014) . However, a planning perspective raises also further questions regarding the practical realisation of sustainability transitions in complex urban contexts. For instance, Wolfram (2018) juxtaposed the transition management approach with basic planning rationalities (i.e. Rationalism, Incrementalism, Participation and Advocacy, Collaborative Planning, Strategic Planning, Multi-level-and Metropolitan Governance) and instruments of urban planning (i.e. Spatial Plans, Sectoral and Thematic Plans, Environmental Assessments, Strategic Plans). By using governance modes, planning instruments and applied techniques as analysis categories, he compared the underlying key features for both approaches (see Fig. 1 ) and thus identified commonalities and differences, as well as respective strengths and weaknesses. In order to deal with the heterogeneity of fully institutionalised urban planning approaches and the usually experimental transition management approach, he proposed "establishing a dialectic relation of coordinated independence between transition management and urban planning" (Wolfram 2018) . This also aligns with other contributions on the topic (Nevens et al. 2013; Wittmayer and Loorbach 2016) . In the following, these findings are taken as a starting point to go one step further by comparing and juxtaposing UTM with UAQM -a fully institutionalised field of urban environmental planning.
Approach for juxtaposing UAQM and UTM
UAQM and UTM can be regarded as two process frameworks for sustainable urban change. However due to their different designs, criteria for comparison are required (see Fig. 1 ). To juxtapose the UTM process presented above with UAQM, the framework by Gulia et al. (2015) will be used. It consists of eight interrelated UAQM elements: 1) objectives/standards, 2) monitoring, 3) source apportionment, 4) emission inventory, 5) modelling, 6) exposure and health assessment, 7) strategies, 8) public participation. This framework is well in line with the EU AAQD, which includes a broad set of similar elements, which in interaction shall improve or maintain ambient air quality (EC 2018; EU 2008) . Hence, the UAQM process is also reflected in air quality plans and short term action plans according to this directive (Chapter IV "Plans"; cf. Miranda et al. 2015) . These plans are included in element No. 7 of the UAQM framework and can be regarded as air quality 'planning' in a narrow sense, because they focus on the process of measure implementation.
The juxtaposition of UAQM and UTM essentially builds on the framework by Wolfram (2018) introduced above. This is also done in order to ensure consistency with previous research, as well as for comparability with assessments of other urban planning approaches therein. The framework compares urban planning with transition management on the basis of their underlying key features. For the purpose of empirical study, this set Figure 1 outlines the approach for juxtaposing Urban Air Quality Management (UQAM) with Urban Transition Management (UTM). It highlights that UAQM and UTAM are both process frameworks of urban planning and presents criteria and features that are used for their juxtaposition. This mainly takes place in the case study of UAQM in the EU and the City of Aachen. Therefore, the juxtaposition departs from the context specificities in Aachen. Next, an analysis of UAQM in Aachen is done that is embedded in the EU context and structured along the criteria (governance, instruments, and techniques) and using the related features. Then, a description of discourses and outcomes of UAQM in Aachen is used in order to further investigate whether and how a transformative process has taken place so far. Finally, the discussion juxtaposes UAQM and UTM by a reflection of the case studies' findings on UAQM in relation to UTM. Source: Author, based on Wolfram 2018 of criteria needs to be contextualized by describing the actual UAQM process and local specificities, as well as the relevant transformation discourses and outcomes.
Methods
To the knowledge of the author there is to date no (formal) UAQM process that explicitly uses a UTM approach. An explorative Scopus search (12 Feb 2019) for papers on sustainability transitions (or transformations) and air quality confirmed this assumption. This legitimises the use of a single explorative case study design to answer the research questions (cf. Ridder et al. 2016) .
The case study applies the derived framework (Approach for juxtaposing UAQM and UTM section) by redrawing the UAQM process in the urban context of the city of Aachen (Urban context specificities, Governance, instruments and techniques, Discourses and outcomes in Aachen sections) and, by doing so, introduces the UAQM framework more deeply. The findings are discussed in the subsequent section against the background of UTM. Aachen is chosen as case study area for three reasons: Firstly, Aachen was one of the first areas where an air quality plan had to be implemented after the AAQD came into force and it still faces air pollution exceedances, resulting in two revisions of the plan. This allows an investigation of change processes over a ten-year period. Second, since the very beginning the city has claimed to take a unique approach to UAQM ("Aachen Way", Langweg et al. n.d.) , which could be interpreted as a transition-like strategy. Third, the analysis can benefit from the author's previous work on the case, both in the air quality field (e.g. PM-Lab project, see Severijnen 2014) and its intersection with transition research; (e.g. Szabo-Müller and Fromhold-Eisebith 2017: Herausforderungen der Sustainability Transitions in Grenzräumen, unpublished). Although Aachen is 'only' a mid-sized city it faces similar problems like larger ones and could represent a good 'laboratory' for the investigation and learning about transition dynamics in relation to UAQM.
Due to its explorative character, the main instrument of the case study is a qualitative document analysis. At its heart are Aachen's 2009 air quality plan and its two revisions in 2015 and 2019. These also reflect the features of the UAQM framework and are further interpreted both as milestones and outcomes of the (local) air quality discourse. In order to go beyond an analysis of official documents and to also reflect the public discourse, selected newspaper articles were included in the analysis as reference (some were used in a discourse analyses in e.g. Szabo-Müller and Fromhold-Eisebith 2017: Herausforderungen der Sustainability Transitions in Grenzräumen, unpublished). Furthermore, the Aachen case is embedded in the Multi-Level Governance setting of EU and national air quality policy. Therefore, where necessary information from the responsible bodies is added, for instance the European Commission, the European Environment Agency (EEA) as well as national and federal state authorities and agencies, respectively. This particularly includes relevant directives (i.e. the EU Ambient Air Quality Directive 2008/50/EC), reports, and websites.
Case study: UAQM in the City of Aachen (Germany)
Urban context specificities
The City of Aachen has several context specificities that determine its transformative capacity and its UAQM strategy. It has a population of about 250,000 inhabitants, which is a major city in official German terminology, but is very small in global terms. However, the city is a major player in the German and global knowledge economy, particularly due to the Rheinisch-Westfälische Technische Hochschule (RWTH) Aachen University which has 10,000 employees, 45,000 students and had the highest third-party funding rates (€ 297 Mio.) of all German Universities in 2016 (aachen tourist service e.V. 2019; AN 2018; RWTH Aachen University 2018). A further specificity is its location in the three-country triangle of Belgium, Germany and the Netherlands (the so called Euregio Meuse-Rhine), which is important for the city's local identity in addition to its historical heritage (i.e. Charles the Emperor) and the above-mentioned importance of the knowledge economy. Natural specificities that strongly influence local air quality are the local climate and topography (basin) (Merbitz 2013) . The trend of air quality concentrations can also be regarded as a part of the urban context. As Fig. 2 shows, the air quality situation in Aachen is characterised by continuous exceedances of the NO 2 limit value, while the situation for PM 10 has improved. Together these factors caused and shaped the so-called "Aachen Way" (Langweg et al. n.d.) of UAQM, which focuses on long-term, innovation and incentive focused measures, in contrast to the short-term implementation of restrictions such as low-emission zones (LEZ), which for a long time were a preferred strategy in Germany and the federal state of North Rhine-Westphalia (NRW). Fig. 2 Concentration trend of NO 2 and PM 10 and exceedances of the daily limit value for PM 10 at the monitoring station Aachen Wilhelmstraße (DENW207). Figure 2 shows air quality concentrations for PM 10 (yellow bars) and NO 2 (blue bars) from 2006 (reference year of the air quality plan 2009) to 2017 (latest validated values) at the monitoring station Aachen Wilhelmstraße (EU station code DENW207), which is located at an urban traffic hotspot. It is one of the official stations for EU reporting in Aachen and replaced the former station "Kaiserplatz" (VACC) in 2007. Further monitoring (and modelling) has taken place at other locations in the course of the air quality plan developments in particular (e.g. Bezirksregierung Köln 2018) . Figure 2 shows that especially the situation for PM 10 has improved, both in terms of the EU (40 μg/m 3 ; yellow dotted line) and stricter WHO (20 μg/m 3 ; grey line) annual mean limit values as well as the EU daily limit value (35 days above 50 μg/m 3 ; orange dotted line/orange bar). However, the limit value for NO 2 (40 μg/m 3 ; blue dotted line) is exceeded for more than 10 years without any exemption and led to two revisions of the air quality plan so far (note: earlier exceedances occurred even under consideration of margins of tolerance). Sources: Air quality plans for the city of Aachen (Bezirksregierung Köln 2009 Köln , 2015 Köln , 2018 and reports for selected years from LANUV 2019; EU and WHO limit values were adapted from EEA 2017
Governance, instruments and techniques
The following section analyses UAQM in Aachen in terms of the criteria and features of the analysis framework (Fig. 1) . Hence, it is basically structured along the eight elements of the UAQM process, which are indicated in parentheses (e.g. UAQM#1; in Discussion: juxtaposing UAQM and UTM section the same is done for UTM). The corresponding features of governance, instruments and techniques are highlighted in italics where applicable.
The objectives (UAQM#1) and time frames (i.e. time horizons and elaboration periods) are basically set on the European level and recently framed as three transition-steps (EC 2005; EEA 2015 EEA , 2017 EU 2013) : As an outcome of the revision of EU air quality policy in 2013, the "Clean Air Policy Package" picks up the target from 2005 to fully comply with limit values by 2020 ("Thematic Strategy on Air Pollution"), but aims at further improvements to halve the number of premature deaths by 2030. The first was a result of the 6th and is also target of the 7th EU Environment Action Plan, seen as a contribution to its 2050 transition vision of "zero air pollution" (EEA 2015). In general, "[t]he EU's clean air policy framework sets EU air quality standards, implements the EU's international obligations in the field of air pollution, and integrates environmental protection requirements into other productive sectors" (EEA 2017). For the urban context, particularly the AAQD is important. Via this directive (U)AQM is a highly regulated and legally binding approach within the multi-level governance framework of EU air quality policy and hence, mostly characterised by government initiation and leadership. The major strategy instrument to fight against air pollution in Europe are air quality plans and short term action plans (EU 2015) (UAQM#7). They are formal planning instruments (formal thematic plans in the typology of Wolfram 2018), and stand for air quality 'planning' in a narrow sense. According to the directive, EU member states are obliged to implement air quality plans (Article 23) in case of exceedances of limit values for the protection of human health (AAQD, ANNEX XI; UAQM #1), partially in line with respective WHO Standards. In Aachen and beyond it is especially those for PM 10 (the 10 μm aerodynamic diameter fraction of PM) and NO 2 that shape the public discourse and urban air quality planning (cf. EEA 2018a). The task of air quality plans is to "set out appropriate measures, so that the exceedance period can be kept as short as possible" (AAQD, Article 23), leaving some room for interpretation of what "appropriate measures" or "as short as possible" means in detail. In a similar way, short term action plans (AAQD, Article 24) have to be drawn up in case of (risking) exceedances of alert thresholds, to immediately reduce air pollution concentrations during pollution peaks. Hence, the elaboration periods of air quality and action plans is intended to be a few years, while monitoring (see below) is a rather continuous task.
As indicated previously, UAQM in Aachen is heavily shaped by the national context and the way in which EU policy and law are translated into it (Severijnen 2014) . In Germany, air quality policy is characterised by strong subsidiarity and a strong role of the federal states. The national air quality strategy of Germany has been based on four main principles for many years (BMU 2018): i) definition of air quality standards, ii) emission reduction requirements according to the best available technologies, iii) product regulations and iv) definition of emission ceilings. The federal states play a crucial role, because they are responsible for the execution of the AAQD. Therefore, the federal state North Rhine-Westphalia (NRW) is responsible for the Aachen air quality plan, which is implemented under coordination and by guidance of the District Authority of Cologne ( cf. Bezirksregierung Köln 2015) . So in fact, it is an air quality plan for the urban area of Aachen, but not a plan by the city itself.
A major basis and facilitator for air quality governance and action is the underlying scientific knowledge, but even if both air quality research and policy are interdisciplinary fields, science and engineering seem to be most influential, bringing to mind rationalist planning (cf. Wolfram 2018). This can be seen by the features of UAQM techniques (i.e. UAQM#2-6). In the Aachen case, these are strongly related to one other crucial federal state actor, the State Agency for Nature, Environment and Consumer Protection (LANUV) that is assigned to the Federal Ministry for Environment, Agriculture, Conservation and Consumer Protection (MULNV). The LANUV is responsible for all official assessment steps and it does so all over the federal state and thereby applies the corresponding planning techniques (reference laboratory according to AAQD). These mainly contain quantitative analyses based on or in terms of, respectively, monitoring station networks, source apportionments, emission inventories, modelling approaches as well as exposure and health assessments (Gulia et al. 2015; Miranda et al. 2015; Thunis et al. 2016a; Thunis et al. 2016b ). These serve as (dis-) continuous means of control as well as forecast (not so much foresight) and evaluation tools for abatement measures in terms of limit value compliance. Therefore, the assessments can be regarded as part of a reflexive monitoring process. In fact, the results from applying these techniques and reporting by the LANUV are the basis for the decision on whether an air quality plan has to be implemented or not, and how much reduction has to be achieved, thus (co-) determining somehow which abatement measures are taken. This is also the case in Aachen.
Coming back to governance and air quality strategies (UAQM#7), again, the development process of the local air quality plan in Aachen is characterised by selected stakeholder involvement. The main instrument for (local) dialogue and negotiation is a work group of experts. They are invited by the District Administration to discuss the features of the air quality plan, particularly the concentration situation and related options for air quality measures. The work group was first set up in the course of the first air quality plan in 2009 and also assisted the two revisions in 2015 and 2019. So the AAQD had an almost immediate impact on local air quality governance in Aachen.
Regarding the systemic scope, a main focus of UAQM on the transport sector can be observed, while air quality management in general is multi-sectoral and achieved a lot of success in other domains (e.g. industry). Today, local road traffic is the main reason for exceedances of PM 10 and NO 2 limit values and is consequently the focus of UAQM in Aachen and many other European cities (Bezirksregierung Köln 2018; EEA 2018a). However, other sources such as agriculture, shipping, wood burning or industrial facilities can also be of importance in other places. Furthermore, UAQM is embedded in multi-level governance processes and multi-scalar relations that go beyond the local context. The spatial scope of the Aachen air quality plan itself is even below the city scale. For instance, results from monitoring stations at traffic 'hotspots' determine measure implementation. However, there are also several city-wide measures.
The transport focus of UAQM is also reflected by the local multi-stakeholder constellation in the work group and the formal decision making process in Aachen. The city administration is mainly represented by the Department for Environment and the Department for Urban Development and Urban Infrastructure (i.e. Division for Traffic Management and Road Authority). Also the regional transport authority and local transport companies take part. Furthermore, several environmental NGOs play an important role in the group and the discourse, as well as business representatives. Hence, several other techniques such as urban and transport planning are also applied by different actors in addition to those of the LANUV. Formal local decision making about measures takes place outside the work group, mostly in the city councils' mobility committee, in some cases in the committee of environment and climate (e.g. energy measures). The plan as a whole is decided by the council.
In Aachen, public involvement (UAQM#8) in relation to the air quality plan itself has so far taken place mainly in terms of formal public consultations giving the possibility of commenting on the draft air quality plan. This is in accordance with the requirements of AAQD Chapter V (cf. EEA 2019). Furthermore, some measures in the plan focus on or include information and communication aspects, respectively. If more intensive participation took place, this was mainly in the course of specific projects or plans related to the air quality plan. After having outlined the process and major features of UAQM the question is how it actually unfolded a transformative discourse, and which outcomes it had in Aachen.
Discourses and outcomes in Aachen
Almost immediately after the EU AAQD came into force in 2008, an air quality plan had to be implemented for the City of Aachen in 2009 (Bezirksregierung Köln 2009). Right from the beginning there has been a conflict about strategic preferences that is also rooted in different views of suitable time horizons and elaboration periods of measure implementation. On one hand, there was short-term focused implementation of low emission zones (LEZ). This was a preferred measure in many cities in Germany and Europe at that time, also by the federal government of NRW and the district authority Cologne. On the other hand, there has been the long-term strategy of local actors that was labelled the "Aachen Way" (Langweg et al. n.d.) , which included a package of measures that mainly aimed at a shift to sustainable transport modes, but also included some measures in the energy domain. A 'dramatic' turning point in the air quality planning process was the failure of the flagship measure "Campusbahn", which was an integrated tramway and e-mobility project. It was rejected in a local referendum that was initiated by a citizen campaign against the project thatdespite substantial national funding -'successfully' focused on the relatively high costs (cf. AN 2013). In fact, this decision led the "Aachen Way" to break down somewhatas did the consensus between the actors.
In the following years in particular the limit values for NO 2 have been exceeded continuously (in 2013 also for PM 10 , Fig. 2) . In consequence, the air quality plan had to be revised in 2015 (Bezirksregierung Köln 2015) and the local discourse about air quality and the LEZ revitalised. The obligatory revision of the air quality plan also rekindled the basic conflict from the first plan. However, in the meantime advocacy coalitions had changed (AN 2014). On one side were now the district authority (with backing of the federal Ministry for Environment) and a coalition of local environmental NGOs. They no longer trusted the city's politics due to experiences with the failed Campusbahn project and further deficits in measures implementation. On the other side, city and business actors argued jointly against the LEZ implementation, mainly by repeating former arguments that it would negatively affect local business and retailing (i.e. business related transport activities, barrier for visitors from Belgium and Netherlands), while having no significant positive effect on air quality at all. Given this situation in combination with the failed limit value compliance, the 'danger' of a LEZ was even higher than before. Hence, city actors were heavily pushed to 'update' their measure package, also due to pressure from the EU Commission on the national government that trickled down to the urban area . The result was that this time the LEZ had to be implemented in the beginning of 2016, but also the 'alternative' measure package was adopted. Paradoxically, public transport buses were identified as a major contributor to air pollution concentrations and thus were in focus of the 2015 revision. Hence, the LEZ implementation mostly served as a legal enforcement instrument for retrofitting of buses, since most private cars were already in line with the relevant Euro Norms and got a green environmental badge. However, because of the so called "Dieselgate" affair the underlying assumption of 'clean' cars was rather theoretical.
Already in the development phase of the first revision of the air quality plan, details became (and still become) public about car engine software manipulations by Volkswagen and other car manufacturers. The use of illegal defeat devices was compounded by insufficient type approval procedures on test stands and led to higher real world NO x emissions of diesel cars than expected. However, a disconnection of test stand and real-world emissions occurs even without manipulations UBA 2018) . In order to close this gap, new testing standards were implemented recently in the EU in terms of "realdriving emissions" (RDE) in combination with improved laboratory tests (EC 2017).
The "Dieselgate" affair and the failure of the Euro standards set under the type approval tests currently shape the discourse at all political levels and in several domains (e.g. environment, transport and industry). In particular, lawsuits by the German Environmental Defense (DUH) that aim at enforcing diesel bans in several German cities and related decisions by the German Federal Administrative Court as well as the local administrative court in Aachen led to the second revision of the air quality plan in Aachen in 2019 (Bezirksregierung Köln 2018). This was both due to further limit value exceedances for NO 2 , but also because of continuous shortcomings in measure implementation. Similarly to the situation in 2009 and 2015, the fear about and opposition to a diesel driving ban led to more ambitious local action, also in terms of realising lagging measure implementation from the 2015 plan. This time a crucial difference occurred in the air quality planning process: Contrary to the LEZ implementation, the target of avoiding diesel driving bans on the local level was well in line with the respective national and federal government's policy. Therefore, both provide more directed funding for urban air pollution abatement, which was previously lacking (i.e. federal 'emergency clean air programme' (2017-2020), "zero emission city centers" NRW; cf. Bezirksregierung Köln 2018) . The City of Aachen adapted its measure package from 2015. It put greater weight on those elements that already pointed in this direction, to ensure fast(er) implementation of these programmes. Hence, the following "most effective and fast to implement measures" (Bezirksregierung Köln 2018) are given priority: i) retrofitting of buses with SCRT-filtration; ii) better coordination and raising of parking fees to reduce parking space search traffic; iii) more ambitious emission standards for buses in the local transport masterplan; and finally, iv) software updates for manipulated cars and 'switchover bonuses' for replacing older diesel cars with newer models (provided by car manufacturers/on the national level). Assessments in the air quality plan confirmed these measures to be sufficient for limit value compliance, or in other words, access restrictions in terms of route specific diesel driving bans, a blue low emission zone etc. were rejected and said to be disproportionate (Bezirksregierung Köln 2018) . Another argument is the expectation of further positive effects on local air quality in Aachen from the translation of the revised EU Air Quality Policy (Clean Air Policy Package) into national law. As an intermediate result, a diesel ban could be avoided in Aachen, but the question remains as to whether measures will be sufficient for limit value compliance in the near future, or if the history of the first two air quality plans will repeat itself. A final court decision by the Münster Higher Administrative Court will follow in spring 2019 (cf. AN 2019).
Discussion: juxtaposing UAQM and UTM
How transformative is current UAQM?
This section compares UAQM and UTM in more detail. Table 1 summarises the main findings gained to this point and is structured by the criteria and features of the analysis framework (urban planning is only added for information purposes here; for its comparison with transition management see Wolfram 2018). Together with Fig. 1 it gives orientation for the following discussion as well.
Discourses and outcomes of the UAQM process in the EU and Aachen show typical characteristics of an unfolding transition (i.e. interactions of regimes, landscape and niches). However, the case study in Aachen indicates similarities of UAQM and UTM to be rather coincidental, perhaps because UAQM is part of the transition itself, but so far it is not an intended transition governance approach. On a first superficial view, Table 1 Comparison of urban planning, transition management and air quality management Source: Authors' analysis and Wolfram 2018 (modified) elements such as the reflexive design of the air quality plan (assessments, evaluations etc.), the definition of limit values, the selective participatory approach (i.e. the expert work group) and the mostly long-term oriented measures aiming at a shift to sustainable transport look rather similar to some elements of UTM (TM cycle as such; agenda, arena, experiments, monitoring and evaluation etc.). Much like UTM, UAQM is also a multi-scale, multi-sector as well as multi-actor process both by design and due to the actual characteristics of transitions. Both UTM and UAQM combine analytical and operational tools. On a second more detailed view, however, there are substantial differences. Actually, the starting points and targets differ and, hence, what is done and how. UAQM aims at effectively (and measurably) protecting public health on a legal basis of an EU Directive and 'as soon as possible', while transition management aims at longterm sustainable innovation, mostly by short-term and voluntary experimentation and social learning. Consequently, monitoring and evaluation may also relate to different targets (UAQM#2-6, UTM#6) and thus be carried out in different ways. All in all, UAQM and UTM are rather complementary, yet although each approach has strengths (and weaknesses) in itself, it is not sufficient for achieving the targeted transition alone.
The Aachen case seems to be in between both approaches. Together with context specificities (e.g. RWTH Aachen) the opposition against the LEZ led to the "Aachen Way" as a kind of transition vision (UTM#1) for sustainable urban mobility. Therefore the traffic development plan, which uses the Sustainable Urban Mobility Plan (SUMP) approach (EU 2019), is a central measure but has failed so far, too.
And even if experimentation and social learning (e.g. UTM#4) is normally not at the forefront of UAQM, it has taken place in the course of the first plan implementation in 2009 and its two revisions in 2015 and 2019. Besides already mentioned failures, the air quality plan itself delivered an agenda (UTM#3) and room for niche experimentation and innovation. The 'danger' of a LEZ and later diesel driving bans created pressure and a local spirit of action, and allowed designing measures which probably would not have been possible that way before, particularly in the transport domain, where local politics have been car favouring for many years. Since the first plan, a pathway (UTM#2) of new qualities and upscaling in several fields of action can be observed. For example, changes in promotion of biking from small bike lanes to plans for a major bike road network and biking highway, promotion of public transport from 'clean' diesel buses to electric buses and/or experimenting with autonomous buses, while car and bike sharing get both upscaled and 'electrified'. Also business has benefited from this context, for example Cambio Carsharing, e.go (e-car), streetscooter (a well-known e-transporter, now owned by the German Post/DHL) and velocity (e-bike sharing), which weakens arguments that UAQM would threaten local business. However, limit value monitoring proves these measures to be little more than experiments so far (with the existing car regime continuing to dominate). Backlashes such as the failed Campusbahn project also occurred. Furthermore, as can be seen from the list of measures, like in other places UAQM in Aachen has a rather techno-centric focus, despite claiming for incentives or at least assuming long-term behavioural change, respectively. While the reasons behind this observation are open to future research, a transition based UAQM could perhaps lead a better balance of social and technical innovations for air pollution. While one can argue that UTM is a pro-active approach, UAQM however is quite reactive, i.e. limit value exceedances give a significant push for measure implementation. Also the work group in Aachen acts mostly in response to limit value exceedances, while participants themselves work more continuously on air quality issues in their respective domain. In fact and as described in Introduction: air pollution and urban air quality management (UAQM) section, it is hard for policy makers to legitimate any action 'beyond' limit value compliance, even if the difference is minimal. At first, this is in contradiction with transition thinking and aggravates engaging and anchoring (UTM#5). The same can be said with regard to the target of public health protection, because there seem to be no thresholds where for instance PM and NO 2 do no harm . Perhaps UTM could become a tool for more pro-active, health oriented UAQM as argued for by Brunt et al. (2018) for example. Furthermore, it could help to tackle the multitude of harmful "non-regulated pollutants", for which no standards are yet defined (e.g. particle number, black carbon, ozone precursors; EEA 2019). All this should also be considered in relation to the SDGs, where mitigating (urban) air pollution and creating co-benefits are central targets worldwide (see Introduction: air pollution and urban air quality management (UAQM) section). Finally, the Aachen case shows a kind of 'transition paradox' and reveals the importance of a double strategy of niche promotion and pressure on the regime. The "Aachen Way" was and is more regime friendly than intended, because it takes pressure off the actual car/combustion engine regime instead of putting pressure on it through the restrictions of a LEZ or diesel driving ban. These could have opened up even more space for the emergence and upscaling of sustainable transport niches. Perhaps a transition based UAQM-design could have helped here. However, in reality all UAQM elements are currently contested in relation to the (inter-) national "Dieselgate" affair. On one side, car regime actors argue, for example, that limit values are too ambitious, health effects are questionable, or that the car industry has to be protected. On the other side, air quality and health (and hence UAQM) are aggressively defended by niche actors such as the German Environmental Defence or local NGOs. From a policy point of view, recent programmes by the national and federal state may look ambitious and transformative on a first view. However, for example assessments in the 2019 Aachen air quality plan proved measures from the federal "zero emission city center" programme to be without effect on air pollution in the short-term. On the national level the "lead cities" approach appears to be a kind of urban lab approach, but seems to lag behind activities in Aachen and other places. All in all, Aachen and other cities seem to be "squeezed" (de Haan and Rotmans 2011) by multiple transition dynamics.
How can UAQM and UTM be combined?
Due to the described commonalities and differences, the case of air quality really supports the proposition of several authors to see urban planning and urban transition management as approaches that complementbut do not replaceone another (Nevens et al. 2013; Wittmayer and Loorbach 2016; Wolfram 2018) . But how can both process models complement each other? For instance, Turnheim et al. (2015) and similarly Geels et al. (2016) proposed to bridge and link Integrated Assessment Modelling (IAM), socio-technical transition theory and practice-based action research, both for better analysis and better governance of low-carbon transitions. All of these approaches are welcome 'docking points' for 'urban air quality transition management'. First, IAM is a well-established air quality assessment method and offers opportunities for joint engagement of the air quality and transition communities as well as the translation of transition thinking and knowledge (and hence the underlying values) into UAQM. Second, a major assumption of socio-technical transition theory is that a better understanding of systems leads to better system governance . Consequently, this also applies to 'air quality transitions' on an urban-regional scale, where for example transition pathways based discourse analysis can be a valuable tool for both (e.g. Szabo-Müller and Fromhold-Eisebith 2017: Herausforderungen der Sustainability Transitions in Grenzräumen, unpublished). Third, UTM and particularly urban transition labs are in fact approaches of practice-based action research. However, there is so far no (formal) UAQM process using an explicit transition management approach or urban transition lab as a setting. But in the EU and beyond there is a promising trend of citizen sensing and related living lab-like approaches, enhanced by low-cost monitoring equipment (AiREAS 2016; CAPTOR 2018; Curieuzeneuzen Vlaanderen 2018; hackAIR 2018; Jiang 2017; luftdaten.info 2018; RIVM 2018) . This could result in tackling air pollution more at its roots (e.g. individual needs, preferences and behaviour) and not so much by technological 'end-of-pipe' measures. In the Aachen case, for example, citizen sensing could be used in a coordinated dialectic way (cf. Wolfram 2018) that keeps the closed 'expert transition arena' with selected frontrunners alive, while creating a complementary 'citizen transition arena' for open public participation and action.
Furthermore, UAQM is both embedded and reflects actual air quality policy designs like that of the EU and particularly the AAQD. To overcome potential policy disconnections , an ideal 'multi-level air quality transition management' could be carried out in one joint transition management cycle, where tasks are shared according to the best fitting level (i.e. subsidiarity principle). Alternatively or in addition, multiple local-regional (and sectoral) TM cycles could work on solutions for better air quality, in partially coordinated or independent ways. For example, long-term and large scale objectives could be defined at higher levels (e.g. EU, WHO, national governments), ideally in coordination with the lower levels (e.g. cities, regions), who will define their own transition agenda and pathways that contribute to high-level goals or follow even more ambitious ones. Theoretically, EU air quality policy already allows for this. However, reality is still far away from this, as for instance the 'management' of the "Dieselgate" affair in Germany revealed. In the face of rapid global urbanisation, however, small and mid-sized cities such as Aachen, as well as districts of large and/or Megacities with a similar size, could serve as laboratories for experimenting and learning from the suggested approaches.
Finally, limit values will still play a crucial role in UAQM and also in the further transition. On the one hand, limit values are in principle a good guide on the transition pathway and compliance with them is a necessary interim step, but are not yet sufficient (e.g. EU vs. WHO limit values, non-regulated pollutants). On the other hand, UAQM should be both designed to achieve better health in the short-and mediumterm and to work on a more ambitious transition in the long-term (cf. EEA 2015). However, the first requires already big steps and not only 'radical change in small steps' as proposed by sustainability transition research. Otherwise there is the danger of getting lost in experimentation without generating the impacts needed urgently (cf. Hölscher 2018).
Conclusions
Air pollution and its health effects are major sustainability challenges worldwide and hence addressed by the UN SDGs. The EU Ambient Air Quality Directive (2008/50/ EC) is arguably one of the most advanced policy frameworks for tackling air pollution and has achieved a harmonisation of urban air quality management (UAQM) in EU Member States to a large extent. Most importantly, the directive includes obligations for the implementation of air quality plans in case of limit value exceedances. However, exceedances still occur in many cities more than ten years after the directive came into force. In parallel, sustainability transition research and urban transition management (UTM) have emerged in Europe, too. Through the case of the City of Aachen (Germany), this paper has sought to explore whether UAQM as an example for an established and widely applied environmental planning approach could be enhanced by combining it with the emerging UTM approach. The case study revealed that UAQM and UTM seem to have many similarities on a first view (e.g. selected stakeholder participation, evaluation and monitoring), but differ significantly in detail (e.g. targets, time frames, degree of commitment, experiments vs. measures). Therefore they are mostly complementary, but due to their respective strengths and weaknesses would require better integration and combination to achieve the targeted transition.
The juxtaposition of the two approaches also opens up directions for future research that may help overcome the limitations of this paper. First, comparative analyses are necessary in order to go beyond this explorative single case study, which could be used as a benchmark. Ideally, this should be enhanced by transformative research approaches at the intersection of research and practice, for instance by implementing 'urban air quality transition management labs' in selected cities. Here, the best fitting instruments of UTM and UAQM for the respective context could be selected, applied and monitored regarding their transformative potential. For instance, citizen sensing may play a crucial role here, but also Integrated Assessment Modelling (IAM) and socio-technical transition analysis. It should be investigated whether and how the potential of transformative UAQM could be realised, how continuous engagement could be achieved, and also whether this approach is more effective than conventional UAQM. The comparative lab approach should further investigate how to align air quality related transition pathways at different scales (both in space and time), and how to assure consistency as well as coordination of the respective dynamics. Recent developments of EU air quality policy such as the implementation of new directives in the course of the Clean Air Policy Package should also be considered. Another obvious limitation of this study is that air pollution is without a doubt a major urban sustainability challenge, but it is by no means the only one. However, as cities worldwide are facing urgent problems with air pollution, the issue of air quality could well be used for piloting urban transition management in general. A combined approach of UAQM and UTM could be used right from the outset, especially where environmental governance structures are insufficient and/or even have to be newly developed, considering for example Megacities in the Global South.
Regarding policy recommendations, at least two points are crucial for realising 'urban air quality transition management'. First, to date UAQM is to a great extent a task of implementation and enforcement of law, which provides public authorities' legitimation for action, whereas UTM is a voluntary activity. Hence, 'urban air quality transition management' should be facilitated legally, if not even obliged ('transition by law'), for example by more specific participation requirements in the Ambient Air Quality Directive, clearly going beyond information obligations. Second, to facilitate and ensure action until and also beyond limit value compliance, local actors need a long-term vision and reliable financial resources, supported by all political levels, as well as by business and society. Transformation funds and a "normative compass", as proposed by the WBGU (2016), could effectively help to realise ambitious air quality plans, while providing orientation for the vision and broader legitimation on the pathway to sustainability. All in all, in order to overcome the gap between efficiently organised UAQM and effective protection of people's health a more intensive connection of UAQM und UTM should be strived for in close cooperation between science and practice. 
